Introduction
The prevalence of osteoporosis in older women (i.e., aged ≥50) living in Asia-Pacific countries is comparable to that in Europe and North America (Wade et al., 2014) , with values ranging from 23% in Australia (Henry et al., 2011) to 38% in Korea (Park et al., 2014) and 50% or higher in India (Meeta et al., 2013) . The World Health Organization found that, in the year 2000, approximately 45% of osteoporotic fractures occurring worldwide were in Southeast Asian and Western Pacific countries, including Australia, New Zealand, China, and Korea (Johnell & Kanis, 2006) .
Although osteoporosis is common in the Asia-Pacific region, information on the pharmacologic treatment of osteoporosis, e.g., treatment rates, treatment satisfaction, and the effects of treatment on health care resource use and quality of life, is scarce. In Australia, the self-reported rate of pharmacologic treatment of osteoporosis in a population-based sample aged ≥50 years was 54.1% (Gill et al., 2012) , and in Korea, the rate of administration of osteoporosis drugs to postmenopausal women with physician-diagnosed osteoporosis was 42.1% . Bisphosphonates were the most commonly prescribed pharmacotherapy in both studies (Gill et al., 2012; Lee et al., 2014) , and alendronate was the most commonly used bisphosphonate in the Australian study (Gill et al., 2012) . Beyond this, little is known about the management of osteoporosis in Asia-Pacific countries or about osteoporosis patients' experience with pharmacologic treatment. In particular, the gastrointestinal (GI) events that are so common among users of osteoporosis therapy in US (Tosteson et al., 2003) and European (Ringe & Moller, 2009; Payer et al., 2009 ) populations are virtually uncharacterized in patients in the Asia-Pacific region.
The Medication Use Patterns, Treatment Satisfaction, and Inadequate Control of Osteoporosis Study in the Asia-Pacific Region (MUSIC OS-AP) was designed to address this information gap by querying physicians' approaches to treating patients with GI events, determining rates of pharmacologic treatment and reasons for non-treatment, and assessing the association of GI events with treatment patterns (i.e., adherence, persistence, discontinuation, switching) and patient-reported outcomes (i.e., treatment satisfaction, health care resource use, and quality of life) in osteoporosis patients in the Asia-Pacific region.
The primary objectives of MUSIC OS-AP were to describe: (i) the frequency of GI events among postmenopausal women receiving pharmacologic treatment for osteoporosis; (ii) the association between GI events and adherence to, discontinuation of, and switching between osteoporosis medications; and (iii) the association between GI events and health-related quality of life, treatment satisfaction, and health care resource utilization. Secondary objectives were: (i) to describe the physician's approach to the management of osteoporosis patients with GI events; (ii) to estimate the rates of pharmacologic treatment and non-treatment of osteoporosis; and (iii) to determine the factors associated with the decision of whether or not to treat osteoporosis with pharmacotherapy in clinical practice.
Materials and methods

Study design
The design of MUSIC OS-AP is shown in Fig. 1 . Details of the design of MUSIC OS are given in the publication describing the closely related MUSIC OS-EU study, which was carried out in Canada and Europe (Modi et al., 2015) . Like the EU study, MUSIC OS-AP included three components: a physician questionnaire, a retrospective chart review, and a prospective cohort study. Sites were selected for participation in the study based on their responses to the Site Assessment Questionnaire and in such a way that their distribution was representative of real world clinical practice for osteoporosis in each country. Factors such as the investigator's experience in conducting clinical research, interest in participation, and ability to dedicate time and resources to the study were considered. Site investigators completed the physician questionnaire and retrospective review of patients' charts. All sites completed ethics reviews according to their local ethics board requirements. Patients fulfilling the selection criteria were allocated to either the treated or untreated patient group of the prospective cohort study. Baseline assessments were conducted for all patients at the enrollment visit, while follow-up questionnaires were completed only by treated patients at 3, 6, and/or 12 months after enrollment (Fig. 1) . 
Physician questionnaire
The physician questionnaire collected information regarding the physician's standard practices regarding the diagnosis and treatment of patients with osteoporosis and his or her perspective on current osteoporosis treatment approaches and medication adherence. Treatment approaches were examined specifically with regards to the management of patients with GI events by asking how often physicians witnessed GI events (e.g., heartburn, upset stomach, nausea, or pain) and how often GI sensitivity impacted their decision to prescribe osteoporosis treatment and their choice of medication. Physicians were asked about their treatment strategies (e.g., prescribe a gastroprotective agent, recommend a drug holiday, or switch to another medication) with patients who either had pre-existing GI problems or developed GI problems while taking osteoporosis therapy.
Retrospective chart review
In the retrospective chart review, the questions were limited to whether the patient was receiving pharmacologic therapy-oral or injected, calcium and/or vitamin D, or none-for their osteoporosis. Physicians from 26 randomly selected sites answered the questions on behalf of their most recent patients.
Prospective cohort study
The prospective cohort component of this study enrolled both untreated and treated patients. Eligibility and exclusion criteria were the same as in the MUSIC OS-EU study (Modi et al., 2015) . Briefly, patients were eligible for enrollment in the prospective cohort study if they were postmenopausal women, at least 50 years of age, had osteoporosis in their physician's judgment (with or without a BMD test), and provided informed consent. Patients were excluded if they had been diagnosed with Parkinson's disease or any other neuromuscular disease or Paget's disease; were currently treated with any injected medication for osteoporosis; had been switched between oral pharmacologic osteoporosis medications within the past 3 months; or were currently or formerly (past 90 days) enrolled in a clinical trial.
The untreated study arm comprised a maximum of 300 participants. Simultaneously, a maximum of 3300 participants with osteoporosis who were receiving oral pharmacologic agents were targeted for enrollment in the treated group. Pharmacologic treatments included bisphosphonates (e.g., alendronate, risedronate, and ibandronate), calcitonin, strontium ranelate, and selective estrogen-receptor modulators (raloxifene and bazedoxifene). Calcium and/or vitamin D and estrogen and/or hormone replacement therapy were considered supplemental to pharmacologic therapy. Treated participants were further classified as new users or experienced users, defined respectively as patients who had been receiving oral pharmacologic therapy for less than 3 months and patients receiving the same oral pharmacologic therapy for at least 3 months prior to enrollment.
Untreated patients completed only the baseline survey (Table 1) . Demographics, risk factors for osteoporosis, fracture history, medical history, osteoporosis medications, bone mineral density (BMD) test results (T-scores), and vitamin D/calcium use were documented, as were reasons for non-treatment and GI events in the prior 6 months. In addition, health care resource utilization in the prior 3 months, and quality of life over the prior 2 weeks, were assessed.
Treated study participants completed the baseline survey and were then followed for 12 months. Data collected at baseline only were: patient demographics, risk factors for osteoporosis, fracture history, medical history, osteoporosis medications, BMD test results (T-scores), and vitamin D/calcium use. Patient-reported outcomes collected at baseline and all follow-up visits included GI events, health care resource use, and medication adherence. Health-related quality of life, treatment satisfaction, and adverse events were assessed in treated patients at follow-up visits according to the schedule shown in Table 1. GI events were defined as the following clinical symptoms: heartburn/acid reflux, upset stomach/indigestion, nausea/vomiting, pain behind the breastbone, pain on swallowing or food sticking, stomach pain above or below the navel, diarrhea or constipation, and bloating. General health-related and osteoporosis-specific quality of life were measured by the European Quality of Life-5 Dimensions (EQ-5D-3 L) questionnaire (Oemar & Oppe, n.d.) and the Osteoporosis Assessment Questionnaire (OPAQ-SV) (Randell et al., 1998) , respectively. Patient-reported health care resource use was categorized as hospitalizations, fractures, surgeries, or visits to a general practitioner, specialist, or emergency department in the preceding 3-6 months. Medication adherence was measured by the Adherence Evaluation of Osteoporosis treatment (ADEOS) questionnaire (Breuil et al., 2012) , and treatment satisfaction by the Osteoporosis Patient Satisfaction Questionnaire (OPSAT-Q) (Flood et al., 2006) . Untreated participants did not complete the ADEOS or OPSAT-Q questionnaires. Changes in osteoporosis medications (new medications and medication discontinuations), occurrences of new falls, fractures, and adverse events were also recorded at the follow-up visits.
All questionnaires were made available in the local language of the participating clinics, as follows: in Australia and New Zealand, English; in Korea, Korean; in Taiwan, traditional Chinese; and in India, Bengali, Gujarati, Hindi, Kannada, Marathi, Tamil, Telugu, or English (as needed). The translations of the self-administered and telephone versions of the EQ-5D-3L questionnaire were supplied by Euroqol and were certified as linguistically validated. However, the face-to-face questionnaire was not available in all languages needed for this study, so it was translated (forward and back) by a Euroqol preferred translation vendor following their standard guidelines. Similarly, validated translations of the OPAQ-SV, ADEOS, and OPSAT-Q questionnaires were not available for all languages included in this study. These questionnaires were translated (forward and back) into the languages listed above and certified by a qualified translation vendor. The translations were not linguistically validated due to timeline and budget constraints, but the authors/license holders of the questionnaires approved the use of the translations for the MUSIC OS-AP study.
Data collection and analysis
Patient recruitment and baseline data collection occurred between July 2013 and August 2014. Study staff enrolled patients at routine office visits, obtained informed consent, and administered the baseline evaluation. Treated patients were provided with the month 3 follow-up questionnaire at the time of the baseline visit. Months 6 and 12 questionnaires were mailed to treated patients prior to their respective follow-up dates, and site personnel called participants to remind them when their questionnaires were due. Data were collected at each study site and entered into a secure, internet-based Electronic Data Capture system (ClinStream™).
The anticipated analyses are descriptive and no a priori hypothesis is proposed. Future publications will present analyses of baseline data from the physician questionnaire and reasons for non-treatment among untreated patients. Publications on the prospective component of the study will describe outcomes such as GI events, health care resource use, medication adherence, health-related quality of life, treatment satisfaction, and adverse events. These patient-reported outcomes will be assessed over time (baseline, 6 months, and 12 months) and compared across patients with and without GI events. Least squares mean differences between patients with and without GI events will be adjusted for common covariates such as age, history of GI events, new/experienced user status, body mass index, highest level of education, age at menopause, predominant treatment, hours of physical exercise per week, number of previous fractures, number of previous falls, parental hip fracture, current smoking, glucocorticoid use, comorbidities, alcohol consumption ≥3 units per day, and country of residence. Assuming an attrition rate of 15%-20%, the proposed sample size of 3300 treated participants was calculated to permit a final evaluable population of 2700 subjects. This was expected to be sufficient for the descriptive and exploratory analyses anticipated and to permit comparisons between patients with and without GI events..
Results
Physician questionnaire and retrospective chart review
Physicians from 59 sites agreed to participate in the study: 20 from Australia/New Zealand, 15 from India, 15 from Korea, and 9 from Taiwan ( Table 2 ). The study site sample comprised 16 primary care clinics and 43 specialty centers (Table 2) . Physician specialties included rheumatology, endocrinology, bone mineralogy, geriatrics, orthopedics, and osteology. Physicians at all sites completed the physician questionnaire. Data for 300 patients from 26 sites were abstracted for the retrospective chart review (Table 2) .
Prospective cohort study
All 59 sites participated in the prospective cohort study. A total of 3588 patients were enrolled in this component of the study.
Characteristics of untreated patients
The characteristics of the 301 untreated patients are presented in Table 3 . Untreated patients were, on average, 63.0 years of age. The majority of untreated patients (56%) were West Asian, with the rest of the study population comprising East Asians (32%) and Caucasians (12%).This group had a mean (SD) FRAX score of 5.8 (5.4), and 18% of them reported having prior osteoporotic fractures.
Characteristics of treated patients
The 3287 treated patients included 1416 new users and 1871 experienced users (Table 3) . Treated patients were, on average, 65.4 years of age. The largest ethnic group in this study arm was East Asians (45%), followed by West Asians (41%) and Caucasians (14%). Treated patients had a mean (SD) FRAX score of 12.8 (12.5), and 22% of them had a prior osteoporotic fracture.
Discussion
The MUSIC OS-AP study will address several areas in which information about osteoporosis treatment in the Asia-Pacific region is lacking. One of these areas is the physician's perspective of the management of osteoporosis and the factors, including GI events, associated with the decision to treat osteoporosis. Complementary to this will be the patient's perspective of pharmacologic management of osteoporosis-specifically the reasons for non-treatment and satisfaction with the selection of treatment. A single study from Korea reported that composite scores on the OPSAT-Q were higher (better) in monthly versus weekly bisphosphonate users, in non-smokers versus current or past smokers, and in non-users versus users of acid-related medications (Oh et al., 2012) . MUSIC OS-AP will provide data from Korea and other Asia-Pacific countries for comparison with these results, as well as information on how patient satisfaction changes over time and with the occurrence of GI events. This will be the first-recorded data on these topics for most of the countries involved.
Another area lacking data, and one of the primary emphases of MUSIC OS-AP, is the role of GI events in the treatment of osteoporosis. Two studies from Asia-Pacific countries have shown that treatment of osteoporosis with bisphosphonates resulted in esophageal injury. In a nationwide case-control study in Taiwan, use of alendronate increased the risk of upper GI bleeding (hazard ratio 1.32) and lower GI bleeding (hazard ratio 1.84) in both men and women (Peng et al., 2014) . In an endoscopy study of healthy postmenopausal Korean women, 10 out of 16 experienced mucosal damage after taking alendronate daily for two weeks (Mok et al., 2013) . The association of osteoporosis treatment with mild GI events is less clear (Tseng et al., 2006) , perhaps because GI problems are common among adults in Asia-Pacific countries (Chang et al., 2012; Guarner et al., n.d.; Ghoshal et al., 2011) , regardless of whether they are being treated for osteoporosis. There is also little information from Asia-Pacific countries about the association of GI events with health care resource use and quality of life of osteoporosis patients. MUSIC OS-AP will address these gaps by determining the rate of GI events in treated and untreated patients and assessing the association of GI events with treatment rates, treatment patterns, and other patient-reported outcomes in osteoporotic postmenopausal women.
Distinctive features of MUSIC OS-AP are its use of a physician questionnaire to assess factors predictive of osteoporosis treatment, the inclusion of an untreated group to assess patient-reported reasons for and clinical correlates of non-treatment, and its focus on the link between GI events and patient-reported outcomes. MUSIC OS-AP will acquire data on several rarely addressed patient-reported outcomes, including health care resource use, satisfaction with treatment, and quality of life. Measurement of GI events by patient report may provide a more relevant depiction of the rate of GI events among osteoporosis patients than can be gleaned solely from chart reviews or claims database analyses. Patient-reported measures, however, may be subject to a reporting bias and to variations in patient compliance with study procedures. For example, at-home completion of the questionnaires may not occur exactly during the time frame specified in the study. One limitation of the study design is that patients were not required to report the severity of the GI events; in fact, GI events typically considered severe (e.g., those involving bleeding or perforation) were not included in the patient questionnaire. Another limitation is that the retrospective chart review will reflect the percentage of patients prescribed medication, not necessarily the percentage of patients who fill and subsequently take their medications. Finally, although the size of MUSIC OS-AP will allow it to detect the true rate of GI events and the impact of GI events on persistence with treatment, the inclusion of women from fundamentally different ethnic groups and cultures may limit the applicability of the combined results. For this reason, country-specific analyses will be a useful feature of subsequent publications.
In conclusion, MUSIC OS-AP will highlight the association of GI events with the management of osteoporosis and with patientreported outcomes in developing and developed countries of the AsiaPacific region. MUSIC OS-AP will enable determination of the rates of a broad range of GI events among both treated and untreated patients, and provide a clearer understanding of the association of GI events with persistence with treatment, quality of life, treatment satisfaction, and osteoporosis-and GI-related health care utilization. The study was funded by Merck & Co., Inc. Other than through the employer relationship disclosed, Merck & Co., Inc. did not have a role in the study design, data collection, interpretation of the data, in writing of the manuscript, and in the decision to submit the manuscript for publication.
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